Introduction
Within the last two decades, N-heterocyclic carbenes (NHCs) have become one of the most popular and most versatile ligand classes in organometallic chemistry, with numerous applications in homogeneous catalysis [1 -4] . Their strong σ -donor ability as well as the inertness and the high thermodynamic stability of their complexes are among the favorable features of NHC ligands. Metal ion binding by NHCs can be further supported by introducing ancillary coordinating donor side arms at the imidazolium ring [5 -7] . Furthermore, the linking of two or even more N-substituted imidazole subunits leads to multidentate NHC ligands, ranging from chelating bis(carbenes) [8] to macrocyclic tetracarbenes [9] . In view of their prevalence in catalytic applications, NHC complexes of late transition metals such as Rh and Pd are particularly abundant [10 -13] . Recently, several group 10 metal complexes with ligands containing one or two NHC moieties and appended amide side arms have been reported (I [14] , II [15] , III [16] in Fig. 1 ). They were obtained by in-situ deprotonation of the respective imidazolium salt in the presence of a weak base or basic metal salts.
Though first examples have been described already in the 1970s [17, 18] , NHC complexes of iron are still relatively scarce. They have received increasing attention only in recent years [19] , spurred by possible uses in catalysis [20, 21] , bioinspired chemistry [22, 23] and for the stabilization of unusual iron oxidation states [24 -26] . A common method for synthesizing iron(II)-NHC complexes is the reaction of the respective imidazolium salts with the basic iron(II) precursor [Fe{Si(NMe 3 ) 2 } 2 ] 2 . Two representative examples of iron(II)-NHC complexes, namely the family of octahedrally six-coordinate complexes IV [27] and the square-planar tetra-coordinate complex V [28] (Fig. 2 ) all containing two chelating bis(imidazol-2-ylidene) ligands, were obtained via this route.
Herein we report the preparation and structural characterization of a new nickel(II) complex as well as the first iron(II) complex with potentially tetradentate amide-functionalized N-heterocyclic bis(carbenes) akin to the ligands used in II and III. Their spectroscopic and electrochemical properties have been studied.
Results and Discussion

Ligand synthesis
The Single crystals of complex 4·MeOH suitable for Xray analysis were obtained by slow diffusion of diethyl ether into a methanol solution of the crude compound. 4·MeOH crystallizes in the monoclinic space group P2 1 /n. The nickel ion shows a square-planar coordination (Fig. 3) ; selected bond lengths and angles are given in Table 1 . The short Ni-C NHC (1.85Å) and slightly longer Ni-N amido (1.90 and 1.89Å) bonds resemble those of the known nickel(II) complexes I (d = 1.85/1.92Å) [14] and II (d = 1.89/1.94Å) [15] . Bond angles C NHC -Ni-C NHC generally depend on whether the two NHC subunits are linked and, if so, on the length of the spacer. Nickel complexes of Table 1 . Selected bond lengths (Å) and angles (deg) of 4.
178.73(8) (Table 1) , reflecting the close to perfect square-planar coordination environment. Complex 5 was initially obtained from the reaction mixture as an orange solid. The crude material proved well soluble in methanol, and deep-red crystals of 5·4MeOH were then obtained from methanoldiethyl ether; however, these crystals were found to be only sparingly soluble in MeOH, DMF and DMSO.
Crystalline material was used for all spectroscopic and electrochemical investigations.
5·4MeOH crystallizes in the monoclinic space group P2 1 /c; its molecular structure is shown in Fig. 4 , and selected distances and angles are compiled in Table 2 . The six-coordinate iron(II) ion is ligated by two tridentate ligand strands [HL 1 ] − binding in a meridional manner, and with the two amide donors in cis position. The remaining amide group of each ligand stays dangling. Fe-C NHC distances are found between 1.929 and 1.917Å and are thus slightly shorter than in IV (1.916 -1.986Å [27] ), but in the range observed for six-coordinate ferrous NHC complexes (1.91/1.96Å [36, 37] ). The Fe-N amide distances in 5 are 2.040 and 2.032Å. So far, no sixcoordinate iron(II) complex coordinated by two deprotonated amide groups is known. However, [trans-(dmpe) 2 Fe(H)(NHCHO)] shows a very similar Fe-N acetamide bond length of 2.044Å [38] .
The zero-field Mößbauer spectrum of 5 at 80 K shows a quadrupole doublet with isomer shift δ = 0.08 mm s −1 and quadrupole splitting ∆E Q = 1.57 mm s −1 , which is in accordance with the presence of an octahedral low-spin (l. 172.30 (15) lowest isomer shift for iron(II) complexes with two bidentate bis(carbenes) reported so far. This likely reflects the very strong σ -donor character of all ligating groups, namely both the NHC and amide donors.
Electrochemical properties of the complexes
Because of the insolubility of 4 in common organic solvents, the cyclic voltammogram ( Fig. 5) [39, 40] , but comparable with redox potentials of nickel complexes of N-substituted cyclam derivatives [41 -43] .
To confirm that the oxidation is metal-centered and that the NHC/amide hybrid ligands remain innocent, a solution of electrochemically generated [NiL 1 ] + in 0.1 M NaClO 4 water-glycerol (8 : 2) was investigated by EPR spectroscopy (sample taken after ∼80 % conversion). The EPR spectrum of a frozen solution at 140 K shows an almost axial spectrum with slight rhombic distortion (Fig. 5, right) . Spectral simulation gives values g 1 = 2.247, g 2 = 2.245 and g 3 = 2.011. Such EPR signature with large anisotropy and g ⊥ > g ≈ 2.0 is typical for a d 7 nickel(III) ion with the unpaired electron in the d z2 orbital. Any hyperfine structure is not resolved in the experimental spectrum, but including hyperfine interactions with two 14 N nuclei (a ≈ 10 × 10 −4 cm −1 ) slightly improved the quality of the simulation.
The cyclic voltammogram of 5 measured in dimethylformamide (0.1 M [nBu 4 N]PF 6 ) is shown in Fig. 6 2 Fe II ] (TRIS R = hydrotris(3-alkyl-imidazoline-2-yliden-1-yl)borate; R = Me, Et) synthesized by Fehlhammer et al. [45] . The [(TRIS R ) 2 Fe II ]/[(TRIS R ) 2 Fe III ] + potential was determined at around − 0.7 V (value converted vs. NHE according to ref. [46] ). The lower potential of 5 might be explained by the additional π-donor character of the two amido ligands. To confirm that the observed redox process around − 0.96 V is metal-centered, a sample of • C) at a scan rate of 100 mV s −1 ; Fc/Fc + has been used as internal standard, potentials are given vs. NHE [47] . The lower inset shows the wave at around −960 mV recorded at different scan rates.
Conclusions
A nickel(II) and an iron(II) complex of a potentially tetradentate bis(imidazole-2-ylidene) ligand that bears two appended amide groups have been synthesized and structurally characterized. The combination of very strong σ -donors in the chelate scaffold, namely the two NHC and the two amide groups, enforces low-spin configurations in both cases. While the nickel(II) ion in [NiL 1 ] exhibits the anticipated square-planar coordination environment, iron(II) forms a six-coordinate bis(ligand) complex [Fe(HL 1 ) 2 ] where one amide arm of each tridentate ligand strand remains protonated and dangling. Both complexes undergo metal-centered oxidations while the NHC/amide hybrid ligands remain innocent, as was confirmed by EPR and Mößbauer spectroscopy.
Experimental Section
All reactions and investigations of air-sensitive compounds were performed under a dry and oxygen-free nitrogen atmosphere in a glovebox (MBraun Labmaster) or by using standard Schlenck techniques. The solvents were degassed and dried according to standard methods.
[Fe{Si(NMe 3 ) 2 } 2 ] 2 [48] , 1 [32] , 2 [30] , and 3 [31] were synthesized according to literature procedures. 1 H and 13 C{ 1 H} NMR spectra were recorded on Bruker Avance DRX 500 or Bruker Avance 300 spectrometers at 25 • C. Chemical shifts δ are given in ppm relative to TMS, using the residual proton signal of the solvent as internal standard. Mass spectrometry was performed with a Bruker HCT Ultra (ESI) or with a Finnigan MAT LCQ (ESI-HRMS) instrument. Melting points were determined in glass capillary tubes on a Stanford Research Systems Optimelt MPA 100 device; the values are uncorrected. Mößbauer (MB) measurements were performed with a 57 Co source in a rhodium matrix using an alternating constant-acceleration Wissel Mößbauer spectrometer operated in the transmission mode and equipped with a Janis closed-cycle helium cryostat. Isomer shifts δ , the quadrupole splitting ∆E Q and full width at half maximum Γ are given in mm s −1 . The isomer shift δ is given relative to elemental iron at ambient temperature. Simulations of the experimental data were performed with the program MFIT [49] . The EPR experiment was carried out with a Bruker ELEXSYX E500 CW-EPR-spectrometer at 140 K and X-band with spectrometer frequency 9.4349 GHz and modulation amplitude 6.0 G. Simulations were performed with the Bruker software XSOPHE [50] . Elemental analyses were carried out by the analytical laboratory of the Institute of Inorganic Chemistry at the Georg-AugustUniversity of Göttingen using an Elementar Vario EL III instrument.
[H 4 L 1 ](PF 6 ) 2
2-(1H-Imidazol-1-yl)acetamide (3) (751 mg, 6.0 mmol, 2.0 eq.) and dibromomethane (0.21 mL, 3.0 mmol, 1.0 eq.) were dissolved in MeCN (50 mL) and the reaction mixture stirred at 110 • C in a 100 mL ACE Glass autoclave for 3 days. The resulting precipitate was separated by filtration and then dissolved in MeOH (5 mL). KPF 6 
[H 4 L 2 ](PF 6 ) 2
Bis(imidazol-1-yl)methane (1) (223 mg, 1.5 mmol, 1.0 eq.) and 2-chloro-N-(2,6-diisopropylphenyl)acetamide (2) (761 mg, 3.0 mmol, 2.0 eq.) were dissolved in MeCN (50 mL) and the reaction mixture stirred at 110 • C in a 100 mL ACE Glass autoclave for 3 days. The resulting precipitate was separated by filtration and then dissolved in water (20 mL). KPF 6 (828 mg, 4.5 mmol, 3.0 eq.) was added, and the resulting mixture was stirred for 1 h. The product precipitated from the reaction mixture. Separation by filtration and the removal of the solvents under reduced pressure at 150 
X-Ray structure determinations
X-Ray data were collected on a Stoe IPDS II diffractometer (graphite-monochromatized MoK α radiation, λ = 0.71073Å) by use of ω scans at -140 • C. Face-indexed absorption corrections were performed numerically with the program X-RED [51] . The structures were solved by Direct Methods and refined on F 2 using all reflections with SHELXS/L-97 [52] . Non-hydrogen atoms were refined anisotropically. Most hydrogen atoms were placed in calculated positions and assigned to an isotropic displacement parameter of 1.2 / 1.5 U eq (C/O). The positional and isotropic thermal parameters of the oxygen-or nitrogen-bound hydro-gen atoms were refined without any restraints or constraints in case of 4·MeOH, in case of 5·4MeOH only nitrogen-bound hydrogen atoms. Crystal data and details of the data collections and structure refinements are given in Table 3 .
CCDC 926872 and 926873 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
